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Abstract 
To test the applicability of ADV, two techniques (ADV and PIV) have been applied for simultaneous measurement of an open 
channel flow. Comparison of the results (time-averaged velocity, turbulence intensity, Reynolds stress, and power spectra) 
reveals significant difference in the performance of PIV and ADV. For the ADV measurement in particular, the sampling 
frequency exerts little influence on the time-averaged velocity, and there exists a “sweet point’, i.e., a 1cm sub-region of the 
overall 3cm profiling scope beyond which turbulent parameters cannot be correctly quantified. Thus, the ADV measurements in 
open channel flow need to be carefully evaluated in order to properly describe turbulent characteristics.  
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1. Introduction 
ADV (Acoustic Doppler Velocimetry) offers an effective and efficient way for measuring three-dimensional flow 
velocity in both laboratory and field applications [1-4]. The effectiveness and efficiency of ADV are affected by 
various elements, such as Doppler ambiguity, spatial averaging, mean flow shear, phase distortion, sampling errors 
in the electronic circuit, and air concentration [5,6]. The influence of these elements has been investigated 
intensively, and recommendations have been proposed for better design and operation of the instrument [7]. For 
example, in a typical ADV system the sampling volume is designed to be located at the intersection of the 
transducers so as to improve signal-to-noise ratio [8], and in practical measurement a certain distance away from the 
bottom is required to make the result reliable [9]. Several filters have also been proposed to eliminate the corrupted 
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data from the sample [10]. 
 
As a typical ADV profiling velocimeter, the commercial Vectrino Profiler, which is capable of measuring 3D 
velocity over a vertical range of 3cm (with a 4cm-long blind area), has found wide applications in open channel flow 
measurement. In theory, the mean velocity profiles and the turbulent statistical parameters can be obtained 
accurately by using the instrument [11]. In practice, however, the instrument has been confirmed to yield varying 
results when applied in different ways. For instance, Zedel [12] reported significant inconsistence in mean velocity 
profile and turbulent parameters when contrasting information obtained from different locations, and Thomas 
obtained an unusual “k-type” velocity profile which is indicative of significant errors. Liao [3] compared ADV with 
PIV, showing a smaller Reynolds stress measured by ADV than that by PIV.  
 
As the applicability of ADV in open channel flow measurement remains in question, we conducted 
simultaneous measurement of open channel flows using both the Vectrino Profiler (hereinafter referred to as ADV) 
and PIV. The performance of the two techniques is compared based on computation of mean velocity and turbulent 
parameters. The applicability of ADV is then discussed in measurement of open channel flow is then discussed.     
2. Methods 
2.1 Flume and flow 
Experiments were conducted at steady, uniform open channel flow conditions in a closed-circuit tilting glass 
flume 20.0m long and 0.3m wide. Measures were taken to streamline the flow and remove large-scale structures 
[13]. The measuring section is 14m downstream from the entrance and 6m upstream from the exit. The flow is fully 
developed before entering the measuring section and the influence of the flume tail gate is negligible. 
 
The orthogonal coordinate system are defined as follows: the x-axis is oriented along the main flow and 
parallel to the flume bed, the y-axis is oriented to the flume side wall, and the z-axis is normal to the bed and 
pointing toward water surface. Let U and V denote average velocities in the x-axis and z-axis, respectively, and u 
and v are instantaneous velocities. 
 
Flow parameters are summarized in Table1. The water depth of 9.1cm was chosen to facilitate a sufficient 
depth of measurable area. 
Table 1.  Flow conditions. 
˦ B (cm) H (cm) B/H T(ć) R (cm) n (s.m-1/3) Fr Re U0 (cm/s) 
0.002 30 9.1 3.3 19.2 5.66 0.0095 0.74 36700 69.6 
˦ bed slope, B channel width, H water depth, T water temperature, R hydraulic radius, n  roughness coefficient, 
Fr Froude number, Re Reynolds number, U0 mean velocity.       
2.2 PIV measurements 
A two-dimensional PIV system developed by the authors was used for the experiment. The system employs a 
CMOS camera capable of capturing images of 2560×1920 pixel at a sampling frequency of 1300 Hz. In the present 
study, the size of the images was chosen to be 72×840 pixels and the sampling frequency was set at 400Hz. Particle 
images were analyzed by employing the iterative multi-grid image deformation method. The window size in the 
final iterative step is 16×16 pixels after two times of iterations and the initial window is 64×64 pixels. The overlap is 
50% for the horizontal direction and zero for the vertical direction. 
 
The PIV parameters are summarized in Table 2. Note that Res, f, Win, and Up represent the resolution ratio of 
images, the sampling rate, the size of computational grid, and the mean velocity at the vertical bisector, respectively. 
The PIV system provided instantaneous two-dimensional flow fields based on which the mean velocity, turbulent 
intensity, Reynolds stress, and power spectra were computed.     
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Table 2. PIV measurement parameters. 
Res (pix/mm) f (Hz) Win (pix) U0 (cm/s) Up (m/s) 
9.51 400 16 69.6 76.0 
2.3 ADV measurements  
The ADV employed has an acoustic frequency of 100MHz. Its sampling rate can be set in the range of 1 to 
100 Hz, and the cell size can be chosen to be 1-4mm [14]. 
 
The probe was fixed at h=7.5cm (h represents elevation above channel bed) of all experimental cases and 
therefore the measurement range is h=0.5-3.5cm after subtraction of the 4cm-long blind area. The cell size was set at 
3mm, yielding a total number of 11 measurement points. Ten sampling rates were used, from 10Hz to 100Hz with 
an equal interval of 10Hz (Table 3). 
Table 3. ADV measurement parameters. 
No. 1 2 3 4 5 6 7 8 9 10 
h (cm) 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 7.5 
Sampling rate (Hz) 10 20 30 40 50 60 70 80 90 100 
Number of measuring points 11 11 11 11 11 11 11 11 11 11 
3. Results  
3.1 Comparison of time-averaged velocity  
Time-averaged velocity profiles obtained with ADV at five sampling rates are shown in Fig.1. It can be seen 
that the influence of sampling rate is negligibly small, and increasing the sampling rate contributes little to 
measurement accuracy. The comparison between ADV and PIV measurements reveals a distinct deviation as 
observed by Craig,i.e [15]., in the upper flow PIV exceeds ADV, and in the lower region ADV reports greater 
velocities than PIV. 
       
             
Fig. 1. Mean stream-wise velocity by PIV and ADV                              Fig. 2. Comparison of PIV and ADV 
 
Fig.2 presents the difference between ADV and PIV in mean velocity along the vertical. Note that the mean 
velocity measured with ADV is the average over all the samples obtained at nine sampling rates. A clear linear trend 
can be seen in Fig.2, and at the “sweet” point (the third from top down, 4.6cm below the probe) the deviation 
approaches zero. Such characteristics agree with the fact that the highest signal-to-noise ratio occurs at 5cm below 
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the probe.                              
3.2 Comparison of turbulent intensities 
Fig.3 shows the profiles of turbulence intensities and Reynolds stress of the flow measured with ADV at ten 
sampling rates. It is seen that the obtained turbulent parameters are closely related to the sampling rate, i.e., a higher 
sampling rate leads to an enhanced turbulent intensity as well as Reynolds stress. 
 
The comparison between ADV and PIV indicates a distinct difference. In overall, ADV produces greater - ' 'u v
and 'v  than PIV across the entire water depth, irrespective of sampling rate. For 'u , however, ADV exceeds PIV at 
higher sampling rate, and PIV exceeds ADV at lower sampling rate. The demarcation frequency is about 40Hz. 
 
It is worth noting that the above mentioned “sweet” point still exists in Fig.3; at this point, PIV and ADV 
provide essentially the same results at sampling rate above 40Hz.    
 
 
 Fig. 3. Turbulent parameters  
3.3 Comparison of spectrum distribution  
Fig. 4 presents the power spectrum of the streamwise fluctuating velocity at y=4.9cm measured at two 
sampling rates, 40Hz and 100Hz. The -5/3-law can be clearly seen at both sampling rates in the range of 5-20Hz, 
and the influence of sampling rate is negligibly small. In general, ADV and PIV agree quite well. 
 
 Fig. 5 presents the corresponding results for vertical fluctuating velocity. For the 100Hz measurement, the -
5/3-law can be seen in the range of 15-50Hz; for the 40Hz case, such phenomenon does not exist. Again, ADV and 
PIV agree pretty well. 
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Fig. 4. Spectrum distribution of stream-wise velocity 
 
Fig. 5 Spectrum distribution of vertical velocity 
Fig.6 presents the energy spectrum integral of U and V for four sampling frequencies. The influence of the 
sampling rate is clear, i.e., the higher the sampling rate used, the wider the range of frenquency corresponding to 90% 
of the energy. 
 
The difference in energy spectrum between U and V is distinct, i.e., at the same energy spectrum integral, V 
requires a higher frequency than U. Such difference is attributed to the inherent characteristics of the ultrasonic 
system. The receivers are slanted at 30° from the axis of the transmit transducer and focus on a common sampling 
volume. Thus, the noise level of U is much higher than that of V during the conversion process from the original 
coordinate system to the orthogonal coordinates. Consequently, the real turbulence subjects to overestimation due to 
the influence of noise [16]. 
 
Fig. 7 shows the power spectral density distributions of the fluctuating velocity in both streamwise and vertical 
directions. The probe is located at h=7.5cm and the frequency is 100Hz. Four points are used for comparison 
purpose. It is seen that the fourth point (“sweet” point) has the best performance in the spectral distribution within 
the measurement span. 
 
 
Fig. 6. (a) stream-wise direction; (b) vertical direction. 
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Fig. 7. (a) stream-wise direction; (b) vertical direction. 
4. Conclusions 
Measurements of open channel flow were conducted with both ADV and PIV. Time-averaged velocity, 
turbulence intensity, Reynolds stress, and power spectra were used to compare these two techniques.  
The following conclusions have been made: 
 
(1) The sampling rate exerts negligible effect on the time-averaged velocity but its influence on turbulent 
 intensity and Reynolds stress is significant. For measurement of the energy spectrum, a higher frequency 
 leads to inclusion of more noise.  
(2) There exists a “sweet” point for ADV where ADV and PIV provides very similar results.  
(3) The results need to be evaluated carefully when using ADV for measurement of turbulent parameters in 
 open channel flows.  
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